B. L. GLF", A. W. MONLUX and R. J. PANCIERA Diseases of domestic animals in which photosensitivity is one of the principal manifestations are known to occur in most of the major livestock producing areas throughout the world. In general these diseases are sporadic, have a low incidence, and are of a transient nature. Consequently, they are often relegated to a position of minor importance. However, they represent one of the major categories of diseases affecting domestic animals, and at certain times in a given area they may be of greater economic significance than diseases of an infectious nature. This has been particularly true in areas of South Africa, New Zealand, and, to a lesser extent, in some localities of the southern, southwestern, and Rocky Mountain regions of the United States.
During the fall and winter of 1957-1958 an unusually severe outbreak of a hepatogenous photosensitivity disease of cattle developed in epizootic fashion in the eastern two-thirds of Oklahoma and adjacent areas of bordering states. In all known occurrences,the disease was associated with the feeding of first-cutting alfalfa hay grown on lowlands along streams. The alfalfa had been subjected to damage by heavy rains and flooding prior to harvest during the unusually wet spring of 1957.
The conditions and circumstances under which the natural disease occurred, together with the observations made during the early investigations have been recorded previously 24. The present paper is the first of a series of three reporting the results of further investigations under experimental conditions.
Review of Literature
Photosensitivity diseases may be either acquired or of hereditary origin; however, the majority of these diseases in domestic animals are of the acquired type. Excellent reviews of the photosensitivity diseases in animals have appeared during the past few years 5, 697. CUNNINGHAM et al. 1 2 recognized that photosensitivity diseases among animals could be conveniently separated into at least three distinct groups according to the mechanisms by which the state of photosensitivity develops. CLARE 5 re-emphasized this fact and established a classification of the photosensitivity diseases which followed the general scheme outlined by Cunningham. The three major types considered by CLARE are: primary photosensitivity, photosensitivity associated with defective pigment metabolism, and hepatogenous photosensitivity.
The causes of primary photosensitivity are relatively limited. This type of photosensitivity differs from the other two in that the disease syndrome is entirely that of photosensitization. Metabolic defects or other functional disturbances are not responsible for the accumulation of the photodynamic agent in the body. The major examples of primary photosensitivity diseases in which the source of the photodynamic agent is ingested material are hypericism, fagopyrism and phenothiazine keratitis. Certain fluorescent dyes may also act as photodynamic agents and may induce photosensitivity of the primary type when injected into the body.
Congenital porphyria is the only known example of photosensitivity due to defective pigment metabolism. The photodynamic agents are uroporphyrins and coproporphyrins which accumulate in the body as a result of defects in the enzyme systems associated with intermediary steps in the metabolic pathway of heme synthesis. This type of photosensitivity is rare and has been reported only in cattle 14,159 19. However, congenital porphyria without accompanying manifestations of photosensitivity has been reported in swine 8~~8 .
The majority of photosensitivity diseases encountered are of the hepatogenous type 5. This class of photosensitivity diseases develops secondarily to and as a direct result of disturbances in hepatic function. The photodynamic agent involved has been shown to be phylloerythrin 3~4 , 28. This compound is a porphyrin derived from chlorophyll and is formed through the action of microorganisms in the digestive tract of herbivorous animals 27931.82. It is absorbed in appreciable quantities from the digestive tract and is normally excreted in the bile by the liver 28-30. Any condition which markedly interferes with the excretion of bile, and thus of phylloerythrin may subsequently lead to photosensitivity.
The primary hepatic lesions and associated functional disturbances which result in phylloerythrin retention vary, but naturally occurring hepatogenous photosensitivity is most frequently caused by ingestion of hepatotoxic agents of plant origin 5. However, one of the major hepatogenous photosensitivity diseases, facial eczema, formerly thought to be caused by perennial ryegrass, has now been proven to be caused by a hepatotoxin produced by a saprophytic fungus which grows on dead leaves of the plant 25837. A similar but as yet unproven etiologic relationship has been suggested in the case of the Bermuda grass photosensitivity syndrome encountered in areas of the southern United States 16.20. Isolated instances of hepatogenous photosensitivity may develop as a result of mechanical occlusion of the biliary tract by gallstones or other obstructive lesions, as a result of chemical hepatotoxicity, and occasionally in the course of infectious diseases such as leptospirosis of cattle which may markedly affect hepatic function11 21. The hepatogenous photosensitivity diseases which have received most attention in the past because of their prevalence include the following: "tribulosis" or geeldikkop which is caused by the plant, TribuZus terresfris, and occurs predominantly in sheep in regions of South Africa 2 9 3 6 ; "facial eczema", a disease which occurs primarily in sheep in certain areas of New Zealand and is caused by a hepatotoxic principle, sporidesmin, produced by the saprophytic fungus, Pithomyces chardarum (formerly Sporidesmium bakeri) 259 35, 37; and aZveZd, a disease of grazing lambs in Norway, caused by the plant, Nortbecium ossifigum, which apparently produces a hepatotoxin during certain stages of its growth 18. Hepatogenous photosensitivity diseases of somewhat lesser importance associated with feeding or grazing of plants include the following: Lechuguilla and Sacahuiste poisoning 22, 23; Lippia poisoning 26; Tetradymia poisoning 99 10; Lantana poisoning 34; Panicum photosensitivity 29933; Ngaio poisoning 11; and Bermuda grass photosensitivity 1 6~2 0 . In addition, several less well characterized and minor photosensitivity syndromes caused by consumption of various legume and non-legume plants and algae are listed by CLARE 5 as probably being of the hepatogenous type.
Materials and Methods
Cattle were used as experimental animals, since this was the only species in which definite susceptibility to the toxic material contained in the alfalfa hay could be established during preliminary investigations 24. During the present investigation 22 animals ranging from 6 months to 8 years of age were fed the toxic hay. For comparative studies photosensitization was produced in 4 additional animals by surgical ligation of the common bile duct. Most of the animals were of mixed dairy and beef breeding, the majority having sufficient white or light colored areas to favor development of cutaneous lesions of photosensitivity.
Each group of animals used in the feeding experiments was placed in a dry-lot for 1 to 3 weeks prior to commencing feeding of toxic hay. During this period they were fed prairie hay ad libitum and small amounts of protein supplement. The preinduction period served the twofold purpose of allowing the animals to become adjusted to a dry hay ration and providing a standard period in which to establish normal values for hepatic function and other studies conducted during the course of the disease. The animals were subsequently transferred to individual barn stalls where the toxic hay was supplied as the only source of feed during the induction period. The minimum induction period was 8 days.They were then transferred to green grass pastures and allowed to graze freely while being exposed to sunlight.
The hay used in each of the feeding trials was first-cutting alfalfa harvested in the spring of 1957 and obtained from a farm near Stillwater, Oklahoma. The hay was relatively poor quality baled alfalfa which was coarse and stemmy and had a brownish color as a result of damage by heavy rains and flooding prior to harvest. It was held in barn storage until used. The hay was prepared for feeding by grinding in a hammer mill equipped with a medium coarse screen. Several bales of hay were prepared and mixed together for each groupof experimental animals. After the second year of storage it was found necessary to mix a small amount of molasses, grain, and protein supplement with the ground hay to insure consumption of sufficient quantities to induce the disease.
Two of the 4 cattle in which photosensitivity was induced by ligation of the common bile duct were subjected to a presurgical regimen similar to that of the preinduction period for those which were fed toxic hay. The remaining 2 animals were allowed continued access to green pasture during the presurgical period. Ligation of the common bile duct was accomplished through a laparotomy in the right flank. The surgery was performed under local anesthesia achieved by paravertebral nerve block. A single catgut ligature was placed around the common duct just distal to the junction of the hepatic and cystic ducts. All 4 animals were placed on green pasture the dayfollowing surgery and subsequently handled in the same manner as those with the hay-induced disease.
Results
Only the clinical observations are being reported herein. Results of studies concerning the hepatic lesions, their functional effects, and the associated biochemical alterations will be presented in succeeding papers 17.
All animals which were fed the toxic hay developed clinical signs of illness and the majority developed jaundice and obvious signs of photosensitization. Considerable variation occurred both in the daily and total quantity of hay consumed as well as in the severity of the symptoms produced. Hay consumption was highest during the first 3 days of the induction period and declined rapidly thereafter ( Fig. 1 ). Many of the animals had ceased eating the hay by the sixth day of feeding and practically all had ceased or were eating very little by the end of the eighth day. Those which continued eating through the eighth day had consumed smaller quantities during the first 2 to 3 days of induction feeding. The total quantity of hay consumed averaged 42 pounds per animal with a range of 29 to 75 pounds among all animals. The majority of those that developed clinical signs of photosensitivity consumed between 40 and 50 pounds of the hay. Only 2 animals that developed illness consumed less than 40 pounds. Even though most of the animals refused to eat the toxic hay after the first few days, all began to graze immediately upon being transferred to green grass pasture. All animals remained alert and body temperatures remained normal throughout the period of induction and recovery. Routine urine analysis and hematologic examinations did not disclose any consistent deviations from normal. Loss of weight and gauntness were apparent in most animals by the fifth day of feeding and became marked by the eighth day. Water consumption also dropped during this period and the feces tended to become dry and firm. Weight loss varied considerably, averaging about 8% to 10% for all animals during the induction period. It was felt that as much as 30% to 50% of the weight loss was due to decreased volume of ingesta and fluid in the digestive tract. The most severely affected animals continued to lose weight for several days after withdrawal of the hay diet. Those which were less affected began to regain weight almost immediately and gradually recovered to near their original weights within2 to 4 weeks following the feeding period.
Clinical jaundice developed in 15 of the 22 animals with the hayinduced disease. Icterus first became apparent between the tenth and twelfth days after beginning the feeding of the toxic hay. Clinical signs of photosensitivity developed in all animals in which jaundice occurred. The degree and duration of jaundice and photosensitivity varied considerably in the different animals but paralleled each other closely in each individual. Only a slight reddening of the muzzle developed in very mildly icteric animals. Both the icterus and erythema disappeared within 1-3 days in these cases. In one animal in which the icterus was barely detectable, lesions of photosensitization developed only in the white areas of a narrow strip along the back where the hair had been closely clipped (Fig. 2) . Lesions did not develop in this animal either in the adjacent unclipped nonpigmented area of skin or in a pigmented area which extended across the clipped zone. In all except the most severely affected animals the lesions were confined to the white or very lightly pigmented areas of skin and to the hairless or sparsely haired areas such as the muzzle, teats and udder. In severely affected animals mild lesions developed in some of the more heavily pigmented areas especially where the hair was short and thin. Initial signs of photosensitivity manifested by the more severely affected animals were photophobia, excessive lacrimation, and frequent licking of the muzzle. Erythema of the muzzle was usually the first and most prominent early sign of photosensitization. As the degree of photosensitivity increased, additional signs noted included shaking of the head, profuse lacrimation, stamping and kicking of the feet, licking of the affected areas, and actively seeking shade. The muzzle and other affected areas gradually developed a dark reddish-yellow color as the erythema and icterus became more pronounced (Fig. 3 ). Upon further exposure to the sun, the color of the muzzle and skin progressed to a dull reddish-brown and began to ooze yellowish serum. Subsequently, the skin became dry, crusty, and hard. The muzzle lesions were especially susceptible to abrasion and further traumatic injury during this period (Fig. 4) . Within a few days the affected skin developed fissures, began to curl at the edges, and later sloughed (Figs. 5 and 6), exposing underlying areas of regeneration and granulation tissue. Complete healing and regrowth of hair occurred in the lesser affected areas within a few weeks. The severely affected areas required a longer period to heal and the regrowth of hair was usually sparse. All animals with the hay-induced disease, except those which were killed, made a complete clinical recovery.
Photosensitization developed in each of the 4 animals with surgically-induced biliary occlusion. Signs of photosensitivitywere noted in2 of the animals on the first postsurgical day but did not become apparent in the remaining 2 until the second and fourth days. Icterus developed between the second and fourth postsurgical day in all 4 animals. Progressive development of the clinical disease and the lesions of photosensitization were otherwise similar to that in the moderate to severely affected animals with the hay-induced disease (Figs. 7, 8 and 9 ). The degree of icterus and photosensitization was severe in 2 of the animals with surgically-induced biliary occlusion whereas the remaining 2 were only moderately affected. An explanation for this difference was disclosed at necropsy at which time the moderately affected animals were found to have incomplete biliary occlusion due to faulty ligation. Complete occlusion of the common bile duct had been accomplished only in the 2 severely affected animals.
Discussion
Development of the syndrome in the experimental cattle was similar to that which had been observed in the natural outbreaks. Considerable variation in severity of the disease in animals receiving hay from the same source under similar conditions was noted in the experimental cattle as we11 as in field cases.
There was no direct relationship between the total quantity of hay consumed by individual animals and the severity of the disease which developed. All of the experimental animals which consumed 40 or more pounds of the hay subsequently developed definite jaundice and photosensitivity, although 2 which consumed the largest quantities developed only mild to moderate photosensitization, while one of the animals which consumed the smallest amount of hay was markedly affected. The wide range of variation in degree of clinical signs in these cases appears to indicate considerable difference in susceptibility of individuals to the toxic agent involved. However, uneven distribution of the toxin in the hay must be considered as a possible factor, since it was noted in earlier investigations that hay from different areas of the same field apparently varied considerably in its ability to induce the disease. Mixing of the different batches of hay at the time of grinding also may have been inadequate to insure a uniform distribution of the toxin.
In all instances there was very close correlation between the development of icterus and the occurrence of photosensitization. Signs of photosensitivity were observed in all cattle which developed icterus, with the exception of one completely black animal with mild icterus and another with moderate icterus that was killed at the end of the feeding period before exposure to sunlight. Photosensitivity was not observed in any of the cattle that did not develop icterus nor did it persist in any of the animals after icterus disappeared.
In animals with the hay-induced disease, icterus and photosensitivity developed concurrently, a feature which was merely coincidental to the conditions of the experimental procedure. With adequate green feed in the diet, lesions which cause bile retention may result in blood levels of phylloerythrin sufficient to produce photosensitivity prior to the development of clinical icterus. This was demonstrated in the animals with surgically-induced biliary occlusion. The 2 animals which were allowed access to green pasture both presurgically and postsurgically developed photosensitivity on the first postsurgical day and before the onset of icterus, whereas the 2 which were allowed access to green pasture only during the postsurgical period did not become photosensitive until 2 and 4 days after surgery, a time which corresponded to development of icterus. The results of hepatic function studies and histological examination of liver biopsy specimens 17 indicated that the hepatic lesions in animals with the hay-induced disease were developing at approximately the same time the animals were transferred to green pasture. Photosensitivity and icterus therefore developed concurrently in the animals with the hay-induced disease and in the 2 with surgically-induced biliary obstruction which were subjected to the same pasture regimen.
It seems probable that the rapid decline in appetite of the animals with the hay-induced disease, a prominent feature observed during the field outbreaks as well as in our experiments,very likely accounted for the many relatively mild cases and low mortality associated with the natural outbreaks of the disease.
Investigations of the experimentally-induced disease were suspended in 1961, At that time the stored hay was becoming very dry and unpalatable and its toxicity had begun to diminish. There have been no further reports of held cases of the alfalfa hay-induced disease in Oklahoma since the original occurence of the 1957-58 outbreak.
The nature and specific source of the toxic principle in the hay which caused the primary hepatic disturbance that resulted in retention of phylloerythrin and subsequent photosensitivity remains unknown. No evidence was found to suggest that agricultural chemicals applied to the growing plants or soil were involved as a causative factor. It also appears unlikely that metabolic products of the plants themselves were responsible for the disease. In view of the similarity between the hepatic lesions of the alfalfa hay-induced disease and facial eczema, and the comparable climatic conditions under which each occurs, it appears reasonable to suspect that the two diseases might be caused by a toxin of similar nature and origin.
Stlmmay
A hepatogenous photosensitivity disease of cattle caused by feeding of flood damaged alfalfa hay was investigated under experimental conditions. The clinical aspects of the hay-induced disease were characterized and compared with the photosensitization caused by surgically-induced biliary obstruction.
The majority of animals which were fed the hay and all those with ligated bile ducts developed photosensitivity which was regularly accompanied by icterus. Lesions of photosensitization were quite variable in degree of severity among individual animals but were essentially identical in both the hay-induced and surgically-induced disease. I n all except the severely affected animals skin lesions were confined to those areas not protected by pigment or dense hair coat. Mild lesions developed in some heavily pigmented areas of severely affected animals where the hair was especially short or thin.
The climatic conditions under which the alfalfa hay developed toxicity and the similarity of the disease syndrome to that of "facial eczema" in New Zealand suggest that the two diseases may be caused by a hepatotoxin of similar nature and origin.
ZtlJ-ammenfaSsng
Eine hepatogene Photosensibilitiitskankheit bei Rindern, die durch Verfiitterung von bei Oberschwemmung verdorbenem Alfalfa Heu verursacht war, wird unter experimentellen Bedingungen untersucht. Die blinischen Aspekte der Heu-induzierten Krankheit werden charakterisiert und mit der durch operative Gallestauung erzeugten Photosensibilitat verglichen.
Bei der Mehrzahl der mit Heu gefiitterten Tiere, sowie denen mit unterbundenen Gallengangen, entwickelte sich eine Photosensibilitat, die regelmiissig von Ikterus begleitet war. Obwohl die Photosensibilitatsveranderungen bei den einzelnen Tieren in ihrer Intensitiit ziemlich unterschiedlich waren, stimmten sie bei der durch Heu-erzeugten und der chirurgisch herbeigefiihrten Krankheit weitgehend uberein. Abgesehen von den schwer betroffenen Tieren waren die Hautlasionen auf nicht durch Pigment oder dichten Haarwuchs geschutzte Gebiete beschrankt. Bei schwer betroffenen Tieren entwickelten sich leichtere Veranderungen in stark pigmentierten Gebieten mit besonderes kurzem oder dunnem Haar.
Die klimatischen Bedingungen, unter denen das Alfalfa Heu seine Toxizitat entwickelte, und die Bhnlichkeit des Krankheitssyndroms mit dem in Neuseeland beobachteten Gesichtsekzem lassen vermuten, dass beide Krankheiten durch ein Hepatotoxin gleicher Art und gleichen Ursprungs verursacht werden.
